THE TOOLS 


AND RULES 
FOR 
PRECISION 


MEASURING 


“Man is a tool-using animal. Weak in himself and of small 
stature, he stands on a basis of some half square foot, has to 
straddle out his legs lest the very winds supplant him. Never- 
theless, he can use tools, can devise tools; with these the 
granite mountain melts into light dust before him; seas are 
his smooth highway, winds and fire his unwearying steeds. 
Nowhere do you find him without tools. Without tools he is 
nothing, with tools he is all.” 


Thomas Carlyle (1795-1881) 
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HM EARLIEST MEASURING TOOLS 


Precision has not always been associated with 
measurement. At the dawn of civilization, man began 
to use parts of the body to estimate dimensions and 
about 6000 B. C., from such measurements, there 
finally evolved the inch, hand, span, foot, cubit, yard 
and fathom, the first standards of measurement. 
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THE TOOLS AND RULES FOR PRECISION MEASURING ee eR EE 


In this modern age of space, mass production demands precision measuring. All parts in 
any product must be completely interchangeable. This necessary uniformity is assured and 
controlled through every operation by accurate measuring equipment. From blueprint to fin- 
ished assembly, precision measuring is the guide to perfection. For precision measuring, the 
skilled mechanic must have accurate tools, produced from quality materials, carefully manu- 
factured and rigidly inspected, to insure lasting dependability. Accurate measuring tools, in 
the hands of skilled mechanics, result in work approaching perfection. 


aaa 


The tools of the past did not demand great accu- 
racy. Most products were custom made by hand and 
a fraction of an inch one way or the other made 
little difference to satisfactory operation. It was Eli 
Whitney who first conceived the basic idea of mass 
production through interchangeable parts and that 
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Fig. | 1—About 
6000 B.C., parts 
of the body were 
used as the 
first standards 
of measurement. 


only through improved methods of measurement and 
mechanically powered machines would mass _ pro- 
duction become possible. In 1800 he successfully 
applied his theories to the manufacture of muskets 
for the U. S. Government and is remembered today 
as the father of mass production through duplicate 
parts. 


Due to Eli Whitney’s concept, the 19th century saw 
a tremendous growth in mass production of all types 
of goods. Although this development was possible 
because of the greater use of mechanically powered 
machine tools instead of hand tools, and better 
measuring devices, machines and measuring tools 
approaching the accuracy of modern standards were 
not developed until after the Civil War. 


Even before this time, in 1848 in China, Maine, a 
boy of twelve developed an interest in tools which 
in later years grew into a great company and earned 
the title, “World’s Greatest Toolmakers.” This small 
boy’s name was Laroy Starrett. Love of tools and a 
flair for invention sparked a long career that carried 


on Eli Whitney’s earlier concept of mass production 
through precision tools. 


Laroy Starrett had “invention on the brain” and as 
a young man on the farm he spent much of his time 
in winter and on stormy days working with tools and 
developing ideas. His first invention was a meat 
chopping machine which he began to manufacture 
and sell throughout the country. In 1868 he moved 
to Athol, Mass., and resumed operations in a small 
shop. 


Hi MODERN MEASURING TOOLS 


Laroy Starrett’s main interest, however, was in the 
development and improvement of precision measur- 
ing tools, and the Combination Square was the first 
in a long line of such tools. From 1877 throughout 
the rest of his life, he devoted all of his energy and 
Yankee ingenuity to creating new and improved tools. 
Among these were spring tempered and flexible steel 
rules, steel tapes, calipers and dividers, the micro- 


Fig. 2—The first Combina- 
tion Square was invented 
by L. S. Starrett, founder of 
The L. S. Starrett Company, 
in 1877. 


meter caliper, Vernier calipers, height gages and 
many other tools, including metal cutting saw blades. 
This was Laroy Starrett’s contribution to the present 
modern science of precision measuring and to the 
growth of industry as we know it today. 


Nearly all measurements common in shop practice 
involve measurements of length. Linear measure- 
ments are so numerous and of such importance that 
a multitude of measuring tools are available for the 
purpose of obtaining them. 


THE YARD AND THE METER. Two units of linear 
measurement are now common in the United States. 
One, the British yard, as defined by the Weights and 
Measures act of 1878 is most familiar in its sub- 
divisions of feet, inches and fractions of an inch. 
Once as loosely defined as the distance from the 
thumb-tip to the end of the nose of English King 
Henry I, it is now more precisely defined by the 
British as the distance between lines inscribed on 
two gold plugs in a bronze bar when taken at a speci- 
fied room temperature. We, too, have a prototype of 
the yard which is kept in the Bureau of Standards 
in Washington but prefer to base our definition of 
the yard more precisely in terms of light waves, or 
use the new International Inch. 


The meter, which is the basis of the metric system 
accepted as the standard system of measurement in 
many countries, is subdivided into centimeters, mil- 
limeters, and fractions of a millimeter. Most shops 
handling instrument and scientific work as well as 
producing parts for export are equipped with measur- 
ing tools calibrated by the metric system. 
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Hi NEW STANDARDS OF PRECISION 


THE INTERNATIONAL INCH. The modern Inter- 
national Inch is based on the wavelength of mono- 
chromatic light from Krypton 86 gas. The length of a 
single wave is 0.0000238 inches, giving us an absolute 
standard which never changes. Combine 42,016.807 of 
these light waves and you have the International 
Inch. Measurement of these microscopically small 
light waves is done by a process called Interferom- 
etry using an instrument called the Interferometer. 


Fig. 3.—The modern International Inch is based 
on the wavelength of monochromatic light. 


Another method is called Spectroscopy which uses 
units of length called angstrom units, each measur- 
ing less than 4 billionths of an inch. 


Although a light wave cannot be handled like a 
micrometer or a caliper, it can be used to establish 
the length of physical standards with accuracy to a 
few millionths of an inch. These standards are called 
gage blocks and are used throughout industry as a 
practical shop tool. They are made in many sizes 
and can be combined to give practically any required 
dimension. 


Fig. 4—Gage 
Blocks are used 
throughout _ in- 
dustry as stand- 
ards and have 
accuracy to a 
few millionths 
of an inch. 


BM KNOW YOUR LIMITS es 


While on the’ subject of accuracy, a word of advice 
may not be amiss. It is quite possible to be too accu- 
rate in production work. Striving for accuracy beyond 
prescribed limits can be just as inefficient and 
wasteful of time and effort as gross inaccuracy. Not 
even pride of workmanship can justify one craftsman 
slowly and painstakingly producing parts to an accu- 
racy of one ten-thousandth while his bench mate 
turns out matching components that merely meet 
the specified tolerance of plus or minus several 
thousandths. What is desired, and that to the highest 
degree, is the ability to produce work rapidly and 
consistently that measures up to the established 
standards. It is the purpose of this booklet to review 
the means and the methods of achieving uniform 
accuracy according to the standards commonly ac- 
cepted in industry today. 


HM SIGHT AND TOUCH 


Recent developments in the field of precision 
measuring have made the modern tool more accurate 
and far easier to read. These include easy reading 
Satin-Chrome Finish and widely spaced 50-division 
Verniers, new tools of all types featuring dial indi- 
cators, electronics, optics — to name a few. However, 
to develop habits of consistent accuracy in measure- 
ment, it is well to remember that we still are depend- 
ent upon either of two senses in making nearly all 
measurements — the sense of sight or the sense of 
touch. 


The sense of touch becomes important when using 
contact measuring tools. A skilled mechanic with a 
highly developed sense of “feel” can readily detect 
a difference in contact made by changes in dimen- 
sion as small as 0.00025”. While the acuteness of the 
sense of touch varies with individuals it can be 
developed with practice and proper handling of tools. 
In the human hand, the sense of touch is most prom- 


Fig. 5—When 
contact measur- 
ing tools are 
held lightly by 
the fingers, it 
is possible to 
“feel” extreme- 


ly slight dif- 
ferences in di- 
mension. 


Fig. 6—Although 
“feel” is impor- 
tant in adjust- 
ing a Micrometer 
to measure the 
work, actual size 
is read directly 
from graduations 
on sleeve and 
thimble. 


inent in the fingertips; therefore, a contact measur- 
ing tool should be properly balanced in the hand 
and held lightly and delicately in such a way as to 
bring the fingers into play in handling or moving the 
tool. If the tool is clumsy or is harshly grasped, the 
sense of touch or “feel” is greatly reduced. 


ESTIMATION. Sight and touch are frequently 
combined by the skilled worker to estimate measure- 
ments finer than the graduated limits of a tool. For 
example, on the average micrometer graduated to 
read to thousandths of an inch, the space between 
the smallest graduations on the thimble is approxi- 
mately \% inch. Variations in size much smaller than 
the thousandth of an inch which this space repre- 
sents can readily be felt and judged by eye with 
reasonable accuracy. It is, of course, always best 
practice to work within the limits for which a meas- 
uring tool is designed, but when circumstances make 
it necessary, it is possible to extend the limits by 
estimating sub-divisions of the smallest graduations 
in simple fractions such as 42, ¥3, ¥%, etc. 


CARE OF TOOLS. It goes without saying that 
precision measuring tools should be handled with 
the greatest of care. Good tools will stand a lifetime 
of use without breakage, but the accuracy of even 
the finest tool can be quickly impaired by careless 
or abusive treatment. In working with measuring 
tools, be careful to avoid accidental scratches or 
nicks that will obscure graduations or distort contact 
surfaces. Rust is the enemy of all finely finished sur- 
faces. Tools should be wiped clean of finger prints 
after using and kept in separate boxes or cases. A 
light dressing of oil applied with a soft, lint-free 
cloth will protect tools in storage. 


WM LINEAR MEASUREMENTS 


LINEAR MEASUREMENTS on flat surfaces are 
perhaps the most common measurements made in 
general practice. The tool used varies with the size 
of the dimension, the nature of the work and the 
degree of accuracy required. It may range from a 
steel tape, rule, divider or trammel to a micrometer, 
Vernier caliper, dial indicator or optical gage. The 


Fig. 7.—A wide variety of tools are available 
for linear measurements as illustrated here. 


measurement may be made direct as with a micro- 
meter or Vernier caliper in which the dimension is 
read directly from a graduated scale with the tool 
in contact with the work or it may be made indirectly 
by comparison with a separate standard or gage 
blocks using a surface gage, height gage or test 
indicators, depending on accuracy required, to trans- 


fer the measurement. Many related tools such as 
straight edges, steel squares and protractors are 
used in conjunction with linear measuring tools to 
determine flatness, straightness, Squareness and 
angularity. 


FOR ROUND WORK, measurements are usually 
made by contact, using tools with contact points or 
surfaces such as spring calipers, micrometers, Ver- 
nier calipers, dial gages, etc. Contact measurements 
are made in two ways: (a) by pre-setting the tool (a 
dial snap gage for example) to the required dimen- 
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Fig. 8—Measuring round work, a crankshaft 
journal, with an Outside Micrometer. 


sion, using a micrometer, gage blocks, or other tool 
as a standard, and then comparing the set dimension 
with the actual size of the work and (b) the reverse 
of this method, setting the contact points to the 
surfaces of the work and directly reading the size 
from a micrometer, Vernier caliper or dial gage. The 
first method is often used where repeated tests must 
be made such as in machining a piece to a given 
size or when checking the same dimension on a 
number of identical parts. The second method is 
used for determining the actual size of the piece. 


Mi STEEL RULES AND RELATED TOOLS 


THE RULE is a basic measuring tool from which 
many other tools have been developed. Rules are so 
essential and so frequently used on a variety of work 
that they are offered in a truly amazing selection to 
suit the needs of the precision worker. They range 
in size from as small as one-quarter inch in length 
for measuring in grooves, recesses and keyways to 
as much as twelve feet in length for large work. 
Satin-Chrome Finish, a relatively recent develop- 


ment, gives today’s rules longer life and far greater 
ease of reading. Steel rules are graduated in the 
English or Metric system and sometimes scales for 
both systems are provided on a single rule. They can 
be graduated on each edge of both sides and even 
on the ends. English system graduations are com- 
monly as fine as one-hundredth inch in decimals or 
one sixty-fourth inch in fractions. Metric graduations 
are usually as fine as one-half millimeter. Starrett 
rules are graduated to agree with accurate standards 
calibrated by the United States Government. These 
standards are sent to the Bureau of Standards at 
Washington at frequent intervals to check for accu- 
racy so that even minute errors due to wear can be 
detected and provided for. 


VARIATIONS OF THE STEEL RULE. Close working 
mechanics lean to the 6-inch rule as the most con- 
venient length to carry about on the person. For 
such purposes, a spring tempered rule is desirable 
since it is both thin and flexible yet has ample 
stiffness to provide a straight measuring edge. Small 
rules are available with a tapered end for measuring 
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Fig. 9—The Steel Rule is one of the basic 
measuring tools. Various types in English and 
Metric are shown. 


Fig. 10—Any steel rule can be converted into 
a Key Seat Rule with these clamps. 


in small holes, narrow slots, from shoulders, etc. 

The Hook feature which is available on many rules 
is a decided convenience. Not only does it provide 
an accurate stop at the end of the rule for setting 
calipers, dividers, etc., but it can be used for taking 
measurements where it is not possible to be sure 
that the end of a plain rule is even with the edge 
of the work. 


KEY-SEAT-RULES are necessary for laying off 
measurements or drawing lines parallel to the axis 
of cylindrical work such as measuring lengths for 
splining keyways on shafting. By means of key-seat 
clamps any steel rule can be quickly converted into 
4 useful key-seat rule as shown in Fig. 10. 


One Starrett folding steel rule is graduated in the 
normal way and also in circumference inches so that 
both the diameter and the circumference of cylin- 
drical work can be read directly from the same rule. 


SHRINK RULES are used for laying out casting 
patterns and core boxes. Because the contraction of 
various metals varies greatly, as for example: cast 


iron, % inch to each foot; brass, 3, inch to each foot; 
and tin alloys, , inch to the foot, shrink rules are 
made oversize to allow for this contraction and grad- 
uated to distribute the extra length uniformly 
throughout the rule. Double shrink rules are used 
when a working pattern is cast from a master pattern 
as in production moulding and two shrinks must be 
provided for. 


THE STEEL TAPE provides a logical extension of 
a graduated measuring tool beyond the practical 


Fig. 11 — Steel 
Tapes permit meas- 
uring lengths up to 
100 feet. Available 
with tape lines 
in Satin Chrome, 
White, and Etched 
Steel finish. 
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limits of a steel rule. Although available in lengths 
up to 100 feet, they are still accurate. Every Starrett 
tape is made to bench standards certified for accu- 
racy by the United States Government National 
Bureau of Standards, Washington, D. C..Standard for 
temperature is 68 degrees Fahrenheit; co-efficient of 
expansion is 0.00000645” per inch per degree F. or 
0.00774 inch per degree per 100 feet; standard tension 
for steel tapes up to 100 feet long supported hori- 
zontally throughout is 10 pounds. 


Like steel rules, steel tapes are available in a 
choice of graduations including English, Metric, 
Metric and English, and in special graduations — 
tenths and hundredths of a foot, and links and poles 


Fig. 12 — Quick 
reading figures on 
a Steel Tape 
eliminate confus- 
ion and errors. 
Foot figures in 
red and red foot 
figures before 
every inch mark. 
Red flag every 16 
inches shows stud 
centers. 


for surveyors. Satin-Chrome or White tape lines with 
quick-reading graduations and foot figures and 16- 
inch stud marks in red make reading easy and give 
long tape life. 


SLIDE CALIPERS are a refinement of the steel rule 


which make it possible to insure greater accuracy 


in aligning the graduated scale with the edges or 
points to be measured. With these tools, a head or 


Fig. 13 — 
Pocket Slide 
Calipers 


measure 
both inside 
and outside 
dimensions. 


pair of jaws is added to the rule, one jaw being fixed 
at the end and the other movable along the scale. 
Provision is made for clamping the movable jaw to 
lock the setting and often a fine pitch screw is pro- 
vided for fine adjustment of the slide. The slide is 
graduated to read inside or outside measurements. 


DEPTH GAGES are an adaptation of the rule or 
scale for measuring the depth of holes, recesses, etc. 
They are provided with a sliding stock or base set 
at right angles to the scale and with means for 
clamping the slide to lock the reading. 


A COMBINATION SQUARE represents a rule de- 
veloped by means of attachments to the ultimate in 
utility. It consists of a graduated, hardened steel 
blade with a sliding try square head that also com- 
bines a mitre and level. This arrangement serves 
the multiple uses of a rule, square, mitre, depth 
gage, height gage and level. In addition, an auxiliary 
centering head can be substituted for the square 
head for finding the centers of shafting and cylin- 


Fig. 14—Check- 
ing the depth of 
a blind hole with 
a Depth Gage. 


Fig. 15 — The 
Combination Set 
with its rule, 
square head, 
center head, and 
protractor has 
many useful ap- 
plications in 
measuring. 


Fig. 16 — Scrib- 
ing right angles 
and parallel 
lines with Com- 
bination Square. 
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Fig. 17.—Center of round work can be ac- 
curately determined using the center head 
of the Combination Square. 


drical pieces and for measuring the diameter or 
bore of cylinders. By adding a protractor head, it is 
possible to read or lay out angles from 0 to 180 
degrees. 


W@ CALIPERS AND DIVIDERS 


As previously mentioned, bow calipers are often 
used for contact measurement. They are particularly 
useful for measuring distances between or over sur- 


Fig. 18—The Combination Square used as 
a depth gage, a very handy application. 


Fig. 19—The protractor head on a Combination 
Set accurately and quickly checks angles. 


faces or for comparing dimensions or sizes with 
standards such as graduated rules. Because they 
are used for checking work in a lathe, a word of 
caution may be in order. Calipers should never be 
used while the work is turning. At best, the readings 
are inaccurate and misleading because the friction 
of the moving surface is sufficient to spring the legs 
or to draw the contact point away from the true 
diameter. There is always the danger of having the 


tool torn out of the hand with possible injury to 
the user. 


CALIPERS with the legs shaped either for inside 
or outside measurements are made in “spring-bow” 
style with an adjusting nut and screw working 
against the tension of a spring; in “firm joint” style 
in which the tension of a nut and stud provides suffi- 
cient friction to hold the legs in any set position; 
and in “lock joint” style with a knurled nut which 
may be loosened for free movement of the legs 
and tightened to lock the setting. Transfer calipers 
are variations of lock joint calipers with a stud or 
stop on a freely moving leg fitting into a slot or 
against a stop on an auxiliary leaf. The free leg can 
be moved in or out to clear collars, flanges or other 
obstructions and then returned to the original setting 
against the stop to make the reading. 


DIVIDERS are used for measuring dimensions be- 
tween lines or points; for transferring lengths taken 
from a steel rule; and for scribing circles or arcs. 


The contacts are sharp, hardened points at the ends 
of straight legs and close measurements are made 
by visual comparison rather than by feel. Dividers 
are restricted in range by the opening span of the 
legs and become less effective for scribing and 
similar uses when the points are sharply inclined to 


Fig. 20—Inside and out- 
side Calipers and Divi- 
ders are typical ‘‘con- 
tact’’ measuring tools. 


the surface worked upon. For transferring or scribing 
dimensions of considerable length, the mechanic 
resorts to a trammel on which the points are adjust- 
able along a bar or beam and the legs are always 
perpendicular to the surface worked upon. 


HERMAPHRODITE CALIPERS combine a straight 
divider leg and a curved caliper leg and are used 
for scribing parallel lines from an edge or for locat- 
ing the center of cylindrical work. 


Fig. 21—Hermaphrodite 


Calipers. 


HM HOW TO TRANSFER MEASUREMENTS 


TRANSFERRING MEASUREMENTS may be a deli- 
cate job or not, depending upon the degree of 
accuracy sought. One of the most common of all 
tools for transferring measurements is the bow cali- 
per. These are made with the legs curved inward or 
outward for making outside or inside measurements. 
When the calipers are set to the work, care should 
be taken to bring the points into contact without 
excessive pressure that might cause the legs to 
spring and introduce an element of error. The meas- 
urement is then transferred to a steel rule. In this 
way, it is possible to transfer lengths with an error 
of less than 0.002”. More accurate readings can be 
obtained when a micrometer or Vernier caliper is 
used to measure the distance between points of the 
spring caliper. It is here that the sense of “feel” 
becomes important in judging measurements pre- 
cisely. Differences in size too small for the eye alone 
to detect can be readily felt as differences in the 
ease with which the tool slips over the work or be- 
tween contacts of the standard. In setting calipers 
either to the work or to the standard, a firm but not 
hard contact is desirable. The feel of the slight 


Fig. 22—Pre-setting Outside Calipers to an In- 
side Micrometer for a transfer measurement. 


resistance to movement of the contact points can 
be retained in the memory long enough for precise 
comparison between work and standard. 


While it is possible in this way to transfer by 
feel a length with as small an error as one-quarter 
of one thousandth inch, there are times when it is 
not practicable to do so without introducing possi- 
bilities of error. For that reason, mechanics prefer 
to use tools which can be read directly in thou- 


Fig. 23—After establishing hole size with a 
Telescoping Gage, actual size is determined by 
measuring over the contacts with an Outside 
Micrometer. 
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sandths or ten-thousandths of an inch, such as 
micrometers or Vernier calipers for more accurate 
contact work. Here again, the sense of feel is im- 
portant and developing the habit of using the same 
pressure for every measurement when setting the 
contact points contributes greatly to uniform accu- 
racy. 


For ultimate accuracy in transferring measure- 
ments, a height transfer gage such as shown. on 
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page 52 is used. An ideal setup employs an elec- 
tronic amplifier and gaging head in conjunction 
with the height transfer gage for checking work 
height in millionths of an inch, the gage having 
been previously set to height from an optical height 
gage. 


Hi LAYING OUT WITH ACCURACY 


LAYING OUT is a shop term which includes the 
placing of lines, circles, centers, etc. upon the surface 
of any material to serve as a guide in shaping the 
finished piece. It is somewhat analogous to mechan- 
ical drawing but differs in one important respect. 
The lines on a mechanical drawing are used only for 
reference in visualizing dimensions and are not 
measured or transferred. For that reason, exact ac- 
curacy of spacing is not required. In laying out 
work, even a Slight error in placing a line or center 
may result in a corresponding or greater error in the 
finished piece. For that reason, all lines should be 
exactly located and all scriber, divider and center 
points should be exact and sharp. 


Fine and accurate laying out which paves the way 
for accurate working and finishing continues to be 
one of the best examples of the precision worker’s 
skill. Far from diminishing in importance as mass 
production methods introduce wider use of jigs and 
fixtures for duplicate production of parts, its value 
grows as the need for greater accuracy in the making 
of the jigs, fixtures, tools and production machines 
increases. 


PREPARING THE SURFACE. For rough surfaced 
work such as castings or for simple work where no 
great accuracy is required, rubbing chalk or a mix- 
ture of white lead and turpentine upon the surface 
of the work will serve as a coating to make scribed 
lines more visible. For fine, exact layouts, on smooth 
or finished surfaces, a special marking solution 
should be used. One in common use is a mixture of 
one ounce copper sulphate to four ounces water to 
which a little nitric acid may be added. This solution 
applied to clean iron or steel gives a dull coppered 
surface on which even the finest scribed lines are 
clearly visible. 


Fig. 24—For precise 
layout of three iden- 
tical circles, this 
mechanic uses 6” 
Spring Dividers. 


Fig. 25—Layout dye 
being applied to a 
metal surface. Pro- 
duces an opaque 
blue background 
ideal for layout. 


For shops doing a volume of layout work, there are 
available commercially prepared products, such as 
Starrett Layout Dye, which may be applied to any 
metallic surface and which will take clean, sharp 
scribed lines without chipping or peeling. For best 
results, the surface should be free of grease, oil, 
cutting solution, etc., before the dye is applied. 


SCRIBING LINES. An important feature of scrib- 
ers, dividers, scratch gages, trammels, surface gages 
and similar marking tools is a nicely finished, well 
tempered point, free from burr or distortion. Points 
should be checked frequently and ground or honed 
as required. The straight edges of rules, squares and 


Fig. 26—Punching 
center holes on 
ground flat stock 
with Automatic 
Center Punch for 
a drilling opera- 
tion. Holes were 
previously located 
by scribing inter- 
secting lines. 


protractors should also be inspected for dents and 
nicks and checked for trueness from time to time 
against a master square. Since the location of 
centers for drilling and the intersection of lines are 
marked with punched indentations, care in using a 
center punch is extremely important. Considerable 
practice is required to develop the knack of striking 
a single crisp tap or blow with a hammer to produce 
a deep or shallow dimple as desired. For fine work, 
an automatic center punch in which a built-in, ad- 
justable spring provides the striking force is a great 
asset since both hands are available to steady the 
tool and it is not necessary to look away from the 
exact point of contact until the impression is made. 


LAYING OUT PLATE. For accurate laying out and 
for precision inspection of finished work, some sort 
of plane surface of reliable accuracy is required as 
a base for the work and for measuring tools such as 
surface gages, height gages and steel squares. 
Special granite or metal plates known as leveling, 
surface or layout plates are available for this pur- 


Fig. 27—Scribing 
lines on work with 
carbide scriber on 
Vernier Height 
Gage. Work is held 
by fixture on sur- 
face plate. 


Fig. 28—To assure 
true vertical 
mounting, machin- 
ist checks work- 
piece against 
Hardened Steel 
Square before fi- 
nal clamping to 
angle plate. 


pose. These are made in various sizes and are 
finished with a high degree of flatness and smooth- 
ness. Care should be exercised in placing and 
handling work and tools on the plate to avoid 
scratches and nicks and the plate should be pro- 
tected with a suitable cover when not in use. All 
burrs, sharp edges and rough areas on the work 
should be removed before placing it on the plate. 


Work of irregular shape or with protruding bosses 
can be supported and leveled by means of steel 
parallels placed in contact with any two points in 
a common plane. Finished work or castings with a 
better bearing surface on the side can be clamped 
to a knee or angle irons which are then placed upon 
or clamped to the surface or face plate. Toolmakers’ 
clamps are used to hold the work securely. 


Where extreme accuracy is required, as in jig 
and fixture layout work, master precision squares in 
sizes from 1%” up to 36” and larger are essential 
and insure exact squareness between work and sur- 


face plate. Beam and blade of such squares are 
hardened, ground and lapped for precise parallelism 
and straightness. Die makers’ squares are also avail- 
able and by an angular adjustment feature can be 
used for checking the clearance in dies. Standard, 
bevel, narrow, graduated and offset blades adapt 
this square to a wide variety of work. 


Since much layout work is concerned with the 
preparation of templates, gages, test and cutting 
tools, machine parts, jig and fixture parts, etc., it is 
well to know about the advantages of Ground Flat 
Stock. This is high grade tool steel put up in 18, 24 
and 36 inch lengths in a variety of widths and thick- 
nesses. It is accurately ground to within .001 inch 
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Ol, HARDENING Fig. 29 — Tem- 
plates, gages, 
tools, parts, etc. 
are easily and 
economically 
prepared from 
Precision Ground 
Flat Stock. Just 
lay it out and 
saw it out. 
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in thickness and annealed for easy machining. Many 
shops have no facilities for grinding to close limits 
and even those which do, prefer the time-saving 
advantage of keeping a stock of frequently needed 
widths and thicknesses on hand. Starrett Ground 
Flat Stock is available in three types: oil hardening, 
air hardening and low carbon. 


Fig. 30—Some of the various parts which are 
readily made from Precision Ground Flat Stock. 
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HM WORK LOCATION 


Many types of tools are available for locating 
work in machining, layout, checking or inspection 
operations, either on surface plates, angle plates, 
or in various types of chucks and work-holding de- 
vices on machine tools. These include test indi- 
cators, toolmakers’ buttons, center finders, edge 
finders and other devices. Work surfaces may be 
located easily, quickly and accurately with the edge 
finder as shown in fig. 31. Work with flat straight 
edges, shoulders, grooves, round work, studs, dowels, 
or center points and scribed lines—all can be 
accurately located with this handy tool. 


HM MEASURING LATHE WORK 


Work done on the engine lathe is of such variety 
that a considerable list of measuring tools may be 
needed to cover all cases. Ordinarily, however, the 
principal measurements are concerned with center- 
ing the work in the lathe, measuring length and 
measuring diameters. 


Fig. 31—Locating 
work from straight 
edge using Edge 
Finder mounted in 
chuck of machine 
tool. 


CENTERING THE WORK. For efficient turning 
with a minimum of waste, and without excessive 
vibration, it is necessary to locate the center of 
work to be turned with considerable accuracy. When 
the work is turned from ordinary cylindrical bar 
stock, this can be done readily using the center 
head attachment and the blade of a combination 
square to scribe center lines on the end of the piece, 
shifting the tool about 90 degrees between lines to 
arrive at a common center. A hermaphrodite caliper 
may also be used with the legs opened to approxi- 
mately half the diameter of the piece. Three or four 
arcs scribed from various points on the circumfer- 


ence will narrow down the location so that the true 
center can be estimated with considerable accu- 
racy. The centers as determined by either method 
just described should be set with a center punch 
and then tested by spinning the piece in a lathe 
to check concentricity before drilling and counter- 
sinking the center holes. Where there is reason to 
suspect some distortion or variation in diameter of 
the work such as in forgings, it is good practice 
to use a height or surface gage and a surface plate 
to determine the centers. Lines scribed on the ends 


HERMAPHRODITE 
CALIPERS 
Fig. 32 — Two 
methods of lo- WORK 
cating centers: 
left, using cen- 
ter head of Com- 
bination Square; 
right, using Her- 
mophrodite Cali- 
pers. 


CENTER HEAD 


with reference to various points on the circumfer- 
ence will locate the center with provision for a fair 
average of surface errors and insure a reasonable 
balance while turning the forging to uniform diam- 
eter. Work so distorted as to teeter on the surface 
plate should be placed upon parallels or straight 
edges. 


Center holes are countersunk to match the 60° 
included angle of lathe centers. It is good practice 
to check the angle of the live and dead center points 
from time to time to make sure that they have not 
become worn or distorted. This is done with a center 
gage, a little tool that is also useful in grinding and 
setting thread cutting tools. 
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MEASUREMENTS OF LENGTH AND DIAMETER 
are performed with steel rules, calipers and dividers, 
micrometers, Vernier calipers, dial indicator gages, 
etc., according to the nature of the work and the 
degree of exactness required. In addition to these, 
the lathe operator finds considerable use for a sur- 
face gage, test indicators, telescoping gages, and 
inside micrometers. The surface gage is useful for 
scribing lines around cylindrical work or for scribing 
concentric circles on the face of work held in a 
chuck. Test indicators vary from a simple needle 
and sector arm arrangement to highly accurate and 
sensitive dial test indicators. These are especially 
valuable for truing up work in a lathe chuck since 
they can be used for checking internal and external 
concentricity as well as surface alignment. 


TELESCOPING GAGES are sometimes preferred to 
ordinary leg calipers for measuring internal diame- 
ters. The head of a telescoping gage expands across 
the hole and may be locked and calipered with a 
micrometer to determine the exact size or the gage 


Fig. 34 — Lathe 
operator centers 
work in chuck 
using Dial Test 
Indicator with 
hole attachment. 
Heavy base rest- 
ing on parallel, 
leaves opera- 
tor’s hands free 
for making ad- 
justments. 


Fig. 36—Check- 
ing hole in work- 
piece before re- 
boring, using 
heavy duty Dial 
Test Indicator 
with hole attach- 
ment. Tool post 
holder holds in- 
dicator securely 
in position. 


Fig. 35 — A 
Starrett Surface 
Gage and some 
of its uses. 


Fig. 37—Univer- 
sal Dial Test In- 
dicator with at- 
tachments. 


may be set to a standard and used to make shrink, 
close or loose fits. 


SMALL HOLE GAGES serve the same purpose for 
holes ranging from % to % inch. They are made 
with a split ball at the contact end which is ex- 
panded to get the measurement which is then trans- 
ferred to a micrometer. 


RADIUS GAGES are also very useful for machin- 
ing, inspection and layout operations. These stain- 
less steel gages provide radii from %, to 4% inch. A 
gage is provided for each radius and each gage has 
five different gaging surfaces for both convex and 
concave radii. A gage holder is available for check- 


ing radii in hard-to-reach locations. 


HM MEASURING SCREW THREADS 


Quantity measurements of screw threads are best 
performed with special thread gages or comparators, 
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Fig. 38—Check- 
ing inside diam- 
eter of a deep 
hole with Inside 
Micrometer. 
Convenient han- 
dle is attached 
to center of the 
micrometer. 


Fig. 39 — Small 
Hole Gages have 
ball contacts 
with flat ends 
permitting shal- 
low slots and re- 
cesses to be 
measured. 


Fig. 40 — Accu- 
rate size meas- 
urements are in- 
sured with Tele- 
scoping Gage. 
Handle is auto- 
matically _ self- 
centering. 


Fig. 41—Radius 
Gage in holder 
provides fast 
check of Y"” 
radii milled on 
this workpiece. 


but there are frequent occasions when such equip- 
ment is not available or when it is necessary to 
determine the number of teeth per inch, the pitch 
or the pitch diameter of a few bolts, nuts or threaded 
holes or studs. Where a count of threads per inch 
is desired, an ordinary steel rule may be used. Count 
the number of threads between inch graduations 
with the end of the rule exactly aligned with the 
root of one thread. Often the result will be less than 
a whole number or a whole number of threads plus 
a fraction of a thread. To arrive at the exact fraction, 
count the number of threads between the end of 
the rule and the first inch graduation that coincides 
exactly with a thread. Divide the number of threads 
by the number of inches. 


Screw pitch can be determined readily with a 
screw pitch gage which is a set of thin leaves on 
the edge of which are teeth corresponding to stand- 
ard thread sections. The leaves of Starrett Screw 
Pitch Gages are stamped to show the pitch number 
of the thread. Because the outside and inside or 


major and minor diameters of threaded pieces may 
vary depending upon the sharpness or fullness of the 
thread, measurements are usually made at the pitch 
line to find the pitch diameter. The pitch diameter 
is equivalent to the theoretical full diameter less 
the depth of one thread. Screw thread micrometers 
with a pointed spindle and V-shaped anvil are used 
to measure pitch diameters. The point of the spindle 
and the V-shaped anvil are designed so that contact 
is made on the side of the thread. 


Fig. 43—Measuring pitch diameter 
of screw thread with Screw Thread 
Micrometer Caliper. Reads directly 
in inches since with anvil and 


— spindle in position shown in 
sketch, line A-B corresponds to 0 
THEL.S. STARRETT Co. reading. 
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Fig. 42—Screw Pitch Gage measures 30 pitches 
—\, spares National and U. S. Standard 60° 
threads. 


H MEASURING ANGLES 


PROTRACTORS. Measuring the angular relation- 
ship of two or more lines or, as it is termed, “read- 
ing the angles,” can be performed with a variety of 
tools depending upon the degree of exactness and 
the job in hand. For simple angles, a common pro- 
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tractor will serve, this being either semi-circular or 
rectangular in shape but with a half circle (180°) 
graduated in degrees so that angles can be measured 
or laid out. The rectangular shape has the advantage 
that any one of four edges can be used as a vertical 
or horizontal line of reference. 


BEVELS. For comparing or checking angles, a bevel 


Fig. 44 — This 
Protractor meas- 
ures angles from 
0 to 180 degrees 
and also can be 
used as depth 
gage. 


serves the same purpose as a Steel square for rec- 
tangles. It consists of a stock and pivoted blade 
joined by a locking screw. The bevel can be set to a 
protractor and used as a gage when turning angles 
on a lathe or the stock and blade can be locked to 
transfer any angle from the work to a protractor. The 
addition of an auxiliary blade results in a combina- 
tion bevel, a more versatile and adaptable tool. 


Fig. 45—Combination Bevel for measuring angles. 
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BEVEL PROTRACTORS. A protractor and bevel are 
combined for greater convenience in the universal 
bevel protractor. It consists of a graduated disk with 
a fixed blade and an adjustable stock. With this tocl, 
any angle may be laid off or measured by reading the 
angle of stock and blade as shown on the protractor 
scale in degrees. By means of a Vernier and ultra-fine 
adjustment, it is possible to accurately read angles 
to 5 minutes or of a degree. Extremely close 
angular measurements to accuracies as close as &%4 
second can be accomplished by means of angle gage 
blocks described on pages 55, 56. 


Fig. 46 — Checking 
angle with Universal 
Bevel Protractor 
mounted on Vernier 
Height Gage on sur- 
face plate. 
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H@ MISCELLANEOUS TOOLS 


DRILL POINT GAGES. Accurate holes can be 
drilled only when drill points are ground accurately. 
When properly sharpened, each lip of a drill is the 
same length and has the same angle in relation to 
the axis of the drill. A drill point gage should be 
used to check lip angle and length of all drills not 
sharpened with a precision grinding machine. The 
gage consists of a blade and sliding head with the 
head set at the correct angle of 59° and graduated 
to compare lip lengths to within \%, inch. 


CUTTER CLEARANCE GAGE. Checking the clear- 
ance angle of milling cutters and reamers which 
may vary from 2 degrees to 15 degrees according 
to the design is made easy with a cutter clearance 
gage—consisting of a frame with a protractor section 
graduated in degrees, an adjustable bar and a 
pivoted blade, the tool may be used to check either 
side or peripheral clearances of end, side, Spiral, 
helix or inserted tooth cutters from 2 to 30 inches 
in diameter. Readings are made direct-and it is not 
necessary to remove the cutter from the arbor of the 


milling machine or grinder to check clearance as 
with other less effective methods. 


A UNIVERSAL PRECISION GAGE is used to set the 
cutting tool of a planer or shaper as shown in Fig. 
49. This gage with its range of 10% inches, fine ad- 
justments, inbuilt level, and scriber and offset at- 


Fig. 47—Drill Point Gage checks 
both drill point angle and lip length 
insuring properly sharpened drills. 


Fig. 48—Checking clearance angle 
on 22 tooth helical cutter with 
Cutter Clearance Gage. 


tachments can also be used as a surface or height 
gage, for settings in narrow areas, for gap measure- 
ments, face to face, as an adjustable parallel, for 
transferring settings with indicators, for checking 
and layout, as a scriber, with gage blocks, etc. 


THICKNESS GAGES. Thickness or feeler gages are 
another type of gage having from 6 up to 26 leaves 


Fig. 49 — By adjusting Universal 
Precision Gage to a micrometer, 
height gage or Vernier caliper and 
then setting cutting tool of planer 
or shaper to gage, the first cut 
may be absolutely relied on. 


ranging from .0015” to .200” thick. They are mainly 
used for gaging narrow slots, checking bearing clear- 
ance and gear play, and in engine work for fitting 
pistons, rings and pins and for adjusting tappets, 
spark plugs and distributor points. 


THICKNESS GAGE STOCK. Thickness gage or 
feeler stock also is available in rolls in a rewind dis- 
penser case. A rewind feature permits retracting the 
stock into the case. Twenty-seven thicknesses from 
001” to .025”. Stock is snipped off as desired and 
may be used with a holder. Twelve inch lengths also 
available. 
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Fig. 51—Thickness Gage 
Fig. 50 — This Thickness Stock in rewind dis- 
Gage has 26 leaves from penser case. Rewind 
-0015 to .025 inch thick. feature permits retract- 
ing stock into case. 


VERNIER TOOLS AND HOW TO READ THEM 


The Vernier, invented in 1631 by Pierre Vernier, is 
in effect a combination of steel rules which permits 
exceedingly accurate readings. The Vernier caliper 
consists of a graduated steel rule or bar on one end 
of which is a fixed jaw or contact point. A movable 
jaw sliding on the bar carries a graduated Vernier 
plate arranged so that it may be compared with the 
fixed scale on the bar. Modern Vernier tools, such as 
the No. 254 and No. 255 Vernier Height Gages and 
No. 123 Vernier Calipers developed by Starrett, fea- 
ture an improved big Vernier with 50 divisions in- 
stead of the older style with 25 divisions. The 50- 
division Vernier scale, with widely spaced, easy-to- 
read graduations and in combination with half as 
many bar graduations as previous old style instru- 
ments, makes possible faster, more accurate and 
greatly simplified settings and readings without a 
magnifying glass. Bar and Vernier also have Satin- 


Chrome finish for easier reading. Method of reading 
is described below. 


The bar of the tool is graduated in twentieths of 
an inch (.050”). Every second division represents a 
tenth of an inch and is numbered. On the Vernier 
plate is a space divided into fifty parts and num- 
bered 0, 5, 10, 15, 20, 25... . 45, 50. The fifty divi- 
sions of the Vernier occupy the same space as forty- 
nine divisions on the bar. 


Fig. 52—Taking 
outside measure- 
ment with Mas- 
ter Vernier Cali- 
per. Inside dia- 
meters also can 
be measured 
without turning 
tool over. 


The difference between the width of one of the 
fifty spaces on the Vernier and one of the forty-nine 
spaces on the bar is therefore 1/1000 of an inch (1/50 
of 1/20). If the tool is set so that the 0 line on the 
Vernier coincides with the 0 line on the bar, the line 
to the right of the 0 on the Vernier will differ from 
the line to the right of the 0 on the bar by 1/1000; the 
second line by 2/1000 and so on. The difference will 
continue to increase 1/1000 of an inch for each divi- 
sion until the line 50 on the Vernier coincides with 
the line 49 on the bar. 


To read the tool, note how many inches, tenths 
(or .100) and twentieths (or .050) the 0 mark on the 
Vernier is from the 0 mark on the bar. Then note the 
number of divisions on the Vernier from 0 to a line 
which exactly coincides with a line on the bar. 
EXAMPLE:—In Fig. 53 the Vernier has been moved 
to the right one and four tenths and one twentieth 
inches (1.450), as shown on the bar and the four- 
teenth line on the Vernier coincides with a line, as 
indicated by the stars, on the bar. Fourteen thou- 
sandths of an inch are, therefore, to be added to the 


33 


2 : 
9456709) Masase789)123456789 


PU 
i 


OUTSIDE 


Fig. 53—Close- 
up of 50-division 
Vernier. Reading 
is 1.464”. 


reading on the bar and the total reading is one and 
four hundred and sixty-four thousandths inches 
(1.464). 


Fig. 54 — This 
Master Vernier 
Height Gage has 
fine adjustment 
knob on base 
providing highly 
sensitive slide 
adjustment. 
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The Vernier principle is applied to many tools 
such as Vernier Height Gages, Vernier Depth Gages, 
Vernier Protractors, Gear Tooth Vernier Calipers, etc. 
In the case of Vernier Calipers, scales are provided 
on the same side of the tool for direct measuring of 
inside and outside dimensions. 


THE MICROMETER AND HOW TO READ IT 


Speak of precision measuring and the average 
person will think immediately of a micrometer cali- 
per. There is good reason for this popularity, for a 
micrometer caliper can be used to make a variety 
of accurate measurements without the possibility of 
error through misreading which exists when other 
finely graduated tools are used. 


In effect, a micrometer caliper combines the 
double contact of a slide caliper with a precision 


screw adjustment which may be read with great ac- 
curacy. It operates on the principle that a screw 
accurately made with a pitch of forty threads to the 
inch will advance one-fortieth (or .025) of an inch 
with each complete turn. As the sectional view 
shows, the screw threads on the spindle revolve in a 
fixed nut concealed by a sleeve. On a micrometer 
caliper of one inch capacity, the sleeve is marked 
longitudinally with 40 lines to the inch correspond- 
ing with the number of threads on the spindle. Every 
fourth line is made longer and is numbered 1, 2, 3, 
4, etc. to indicate one-tenth inch, two-tenths, etc. 
while other lines are staggered for easy reading. 


The beveled edge of the thimble is marked into 
twenty-five divisions around the circumference and 
numbered from 0 to 25. When the caliper is closed, 
only the 0 line on the sleeve can be seen next to the 
beveled edge of the thimble and the 0 line of the 
thimble is aligned with the horizontal or axial line 
on the sleeve. Remembering that every complete 
revolution of the thimble from 0 to 0 advances or 
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retracts the spindle one-fortieth (or .025) inch, rota- 
tion of the thimble from 0 on the beveled edge to the 
first graduation will retract the spindle one twenty- 
fifth of one fortieth, or one twenty-fifth of twenty-five 
thousandths, which is one thousandth (.001) of an 
inch. 


If you will remember that each numbered gradua- 
tion on the sleeve represents .1”, that each of the 
other sleeve graduations represent .025”, and that 
each graduation on the thimble represents .001”, you 
will have no trouble reading a micrometer. For ex- 
ample, in Fig. 56, the 1 line is visible which accounts 
for .100”. In addition, there are three more short 
lines, each representing .025”, or combined, .075”. 
On top of that, there are three divisions on the 
beveled edge of the thimble beyond the 0 mark, each 
standing for .001” or .003” in all. Adding these up, we 
have: .100 plus .075 plus .003 equals .178. The read- 
ing is .178”. 


It may help to remember this at first by thinking of 


the various units as if you were making change. 
Count the figures on the sleeve as “dollars,” the un- 
marked lines on the sleeve as “quarters” and the 
lines of the thimble as “cents.” Add up your change 
and put a decimal point instead of a dollar sign in 
front of the figures. 


When the graduations on the sleeve are numbered 
in the opposite way (from 10 to 0) as on a micro- 
meter depth gage, it should be remembered that the 
total reading is something less than the lowest 
graduation visible on the sleeve. 


Wi HOWTO READ TO TEN-THOUSANDTHS 
WITH A VERNIER MICROMETER 


If you have mastered the principle of the Vernier 
as explained on page 32, you will have no trouble 
reading a Vernier Micrometer in ten-thousandths of 
an inch. The only difference is that on a Vernier 
Micrometer, there are ten divisions marked on the 
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sleeve occupying the same space as nine divisions 
on the beveled edge of the thimble. Therefore, the 
difference between the width of one of the ten 
spaces on the sleeve and one of the nine spaces on 
the thimble is one-tenth of a division on the thimble. 
Since the thimble is graduated to read in thou- 
sandths, one-tenth of a division would be one ten- 
thousandths. To make the reading, first read to 
thousandths as with a regular micrometer, then see 
which of the horizontal lines on the sleeve coincides 
with a line on the thimble. Add to the previous read- 
ing the number of ten-thousandths indicated by the 
line on the sleeve which exactly coincides with a line 
on the thimble. In figure 57-A&B, the 0 on the 
thimble coincides exactly with the axial line on the 
sleeve and the Vernier 0 on the sleeve is the one 
which coincides with a line of the thimble. The read- 
ing is, therefore, an even .2500”. In figure 57-C, the 
0 line on the thimble has gone beyond the axial line 
on the sleeve, indicating a reading of more than 
2500”. Checking the Vernier shows that the seventh 
Vernier line on the sleeve is the one which exactly 


coincides with a line on the thimble, therefore, the 
reading is .2507”. 


Another type of Starrett Micrometer is also avail- 
able which gives direct reading in ten-thousandths 
of an inch without the use of a Vernier. 
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62 / Fig. 58 -Hi-Precision Micrometer 
provides direct readings in ten- 
thousandths of an inch. 
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HM MICROMETER TYPES AND FEATURES 


ADJUSTMENT FOR WEAR. Dirt between the anvil 
and spindle will cause a micrometer to read incor- 
rectly, but if these surfaces are clean and brought 


together carefully and the zero line on the thimble 
and the axial line on the sleeve fail to coincide, it is 
apparent that some wear has occurred either in the 
screw or at the contact surfaces. Readjustment is 
readily made in Starrett Micrometers by turning the 
friction sleeve by means of a small spanner wrench 
until the zeros again agree. 


QUICK MEASUREMENTS. Micrometers are avail- 
able with either a friction thimble or ratchet stop so 
designed that the spindle will not turn after more 
than a given amount of pressure is applied. This 
feature is of value when a number of measurements 
are made or when the measurements are made by 
more than one person with the same caliper. With 
the ratchet type, when the anvil and spindle are in 
proper contact with the work, the ratchet slips by the 
pawl and no further pressure is applied. The ratchet 
stop is incorporated in a small auxiliary knurled knob 
at the end of the thimble. The friction type mech- 
anism is built into the thimble as a thimble fric- 
tion where it reduces the required span of thumb 
and fingers and makes it easier to use the microm- 
eter with one hand. 


Fig. 59 — By 
tightening ad- 
justing nut, play 
is eliminated in 
spindle nut of 
micrometer. 


Fig. 60 — Mi- 
crometer sleeve 
is adjustable so 
that line on 
sleeve will co- 
incide with zero 
line on thimble. 
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Fig. 61—Ratchet stop on 
micrometer insures consist- 
ent gaging pressure. 
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Fig. 62 — Friction thimble 
permits one-hand operation 
of micrometer and uniform 
contact pressure. 
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A constant pressure knurled lock nut (see sectional 
view, page 35) contracts a split bushing around the 
spindle, locking the spindle firmly in one position 
without distortion and converting the caliper into a 
solid gage. 


Many shapes and sizes of Micrometer Calipers are 
available for special purposes such as: Mul-T-Anvil 


micrometers with vise-type frame and interchange- 
able anvils for measuring tubing, hole to an edge, 
thickness of screw heads; V-Anvil micrometers for 
checking out-of-roundness of centerless grinding 
work and measuring odd-fluted cutting tools; disc 
type micrometers for measuring thin, closely spaced 
sections; blade type micrometers for measuring cir- 
cular formed tools and narrow grooves and slots; 
sheet metal micrometers with deep U frame which 
permits gaging over beading or flanges or at any 
point on a surface including near the center of the 
sheet; screw thread micrometers with pointed spin- 
dle and a V-anvil for measuring threads; ball-anvil 
micrometers and tube micrometers for measuring 
tubular or curved surfaces; and paper gage microme- 
ters with wide-faced anvil and spindle for measur- 
ing the thickness of paper, rubber, cardboard and 
other soft or resilient materials. Micrometer calipers 
are also made in a wide range of sizes with capac- 
ities up to 60 inches and more. 


For service involving continuous hard use or under 
abrasive conditions, micrometers are available with 
long wearing tungsten carbide faces of almost dia- 


Fig. 63—A few of the 
many types and sizes 
of Starrett Microm- 
eters. 


Fig. 64—Large diam- 
eter in a big flywheel 
is accurately measured 
with Inside Microm- 
eter. 


mond hardness applied to anvils and spindles. Mi- 
crometers are also chromium plated with Satin- 
Chrome finish to make them stain resisting, longer 
wearing and to relieve eye strain. Micrometers are 
made from true stainless steel when tools are 
needed to be used under extremely corrosive condi- 
tions. 


INSIDE MICROMETERS are an application of the 
micrometer screw principle to adjustable end meas- 


uring gages. The distance between ends or contacts 
is changed by rotating the sleeve on the microme- 
ter head up to the extent of screw length, usually 
either one-half or one inch. Greater distances are 
obtained by means of extension rods and suitable 
collars or gages which in various combinations cover 
the total range of the tool. 


Inside micrometers are a little more difficult to 
use than outside micrometer calipers. With spherical 


contact points more practice and caution is needed 
to “feel” the full diametral measurement. Since one 
contact point is generally held in a fixed position, 
the other must be rocked in different directions to 
be sure the tool is spanning the true diameter of a 
hole or the correct width of a slot. 


END MEASURING RODS. Precise setting of the 
slides and table on jig borers and other machine 
tools are held to a high degree of accuracy by means 
of precision end measuring rods. Each set consists of 
two micrometer heads graduated in “tenths” together 
with a series of hardened, ground and lapped end 
measuring rods. 


BENCH MICROMETER. The bench micrometer is a 
fine precision instrument ideal for bench use either 
in the shop or inspection laboratory and can be used 
aS a comparator measuring to 50 millionths of an 
inch (.000050”) or for direct measuring to ten- 
thousandths of an inch (.0001”). Work lengths from 0 
to 2 inches can be measured. The base incorporates 
at the left end a movable anvil which actuates a dial 
indicator graduated in 50 millionths of an inch 
(.000050”). The anvil actuates the indicator through a 
motion transfer mechanism and can be retracted by 
a lever for repeated measurements. A heavy-duty 


Fig. 65 — Acou- 
rate table set- 
tings are in- 
sured with end 
measuring rods 
on this jig bor- 
er. 


Fig. 66—The Bench Micrometer can be used 
as a comparator measuring to 50 millionths of 
an inch or for direct measuring to ten- 
thousandths of an inch. 


Fig. 67—this micrometer head has 2-4” thim- 
ble diameter and graduations in ten-thousandths 
of an inch. 


Fig. 68—Meas- 
uring depth of 
narrow slot with 
Micrometer 
Depth Gage. Tool 
has non-rotating 
blade type rod. 
Permits measur- 
ing depth of 
narrow — shoul- 
ders without 
blade rolling 
off. 


micrometer head mounted at the right end of the 
base reads directly in ten-thousandths of an inch 
and has a two-inch range. An adjustable work table 
is centered beneath the anvil and spindle. 


MICROMETER HEADS. Electronic applications, 
machine tools, special gages and tooling often 
specify micrometer heads where micrometer accu- 
racy in settings and adjustment is required. Avail- 
able in ranges of 0 to % inch, 0 to 1 inch and 0 to 2 
inches with graduations in thousandths or ten-thou- 
sandths of an inch, with Satin-Chrome finish or made 
of stainless steel. 


MICROMETER DEPTH GAGES. Micrometers are 
also used to measure depth of holes, slots and pro- 
jections in thousandths of an inch and for this ap- 
plication are called micrometer depth gages. Here 
is a typical gage of this type measuring the depth of 
a narrow slot. The blade is flat, only %” wide and 


does not turn in use. Base is hardened, ground and 
lapped. Micrometer depth gages are also made with 
a short half base which permits gaging close to 
shoulders and between obstructions where ordinary 
gages can not be used. 


Hi ODIAL INDICATORS 


One of the most widely used instruments today 
in layout, inspection and quality control operations 
is the dial indicator. Specially designed and manu- 
factured to fine watch making standards with 
either jeweled or plain bearings, the dial indicator 
has precisely finished gears, pinions and other work- 
ing parts that make possible measurements from 
one-thousandth to 50 millionths of an inch, depend- 
ing on accuracy requirements. Easier maintenance, 
longer life, and greater accuracy can be expected 
with the modern dial indicator because of unit-con- 
struction and simple, interchangeable design. Fewer 
parts mean greater efficiency, less friction and wear. 
Any gear unit and any case assembly can be com- 
bined to give a complete dial indicator of the style 
desired. 


The contact point is attached to a spindle and 
rack whose movement is transmitted to a pinion and 
then through a train of gears to a hand which sweeps 


Fig. 70 — Non- 


shock mechanism 
in a Starrett Dial 
Indicator. 


Fig. 69—Typical 
Starrett Dial In- 
dicators in the 
four standard 
American Gage 
Design sizes. 


the dial of the indicator. A small movement of the 
contact is thus greatly magnified and read directly 
from the dial in thousandths or as close as 50 
millionths of an inch, depending on the type of in- 
dicator used. Long range indicators have direct read- 
ing count hands and a double dial. Graduations are 
available for reading in .001”, .0005”, .00025”, .0001”, 
and .00005”—with ranges from 12” down to .003”. 
Dials can have balanced or continuous graduations. 


When the dial indicator is subject to sudden blows 
or shock, a NONSHOCK mechanism can be furnished 
in most indicators in place of the regular mech- 
anism. Impact and shock are completely absorbed 
and isolated from the gear movement. Any regular 
dial indicator can also be converted into non-shock 
type by replacing the regular contact points with a 
shock absorbing anvil unit. The regular contact 
point may be replaced with contacts of almost any 
shape or length to suit the work. These include 
contact points of extra length, special form, tapered, 
and a roller contact for use on moving material. 


Many useful attachments are available to suit work 
requirements. Dial indicators can be furnished with 
tolerance hands; with special dials; with rubber dust 
guards to seal out dust and foreign matter; with anti- 
magnetic mechanisms when the dial indicator is 
used near magnetic fields; with long stems up to 12 
inches for use in deep holes; with lever control for 
lifting the indicator spindle. 


Super precision dial indicators with graduations 
in 50 millionths of an inch and accuracy to plus or 
minus 10 millionths are also available. These are 
used for applications requiring extreme precision 
such as in shop inspection to laboratory standards or 
in laboratory work. The long range dial indicator with 
ranges of 2, 3, 4 or 5 inches and on up to 12 inches 
makes possible all types of long range gaging such 
as on jig and fixture work, for production measuring 
on machine tools or as precision stops. Count hands 
and double dials permit direct reading in thou- 
sandths of an inch. 


\ Fig. 71 — This 

, Starrett Super Pre- 

ei cision Dial Indi- 
cator is graduated 
in 50 millionths of 
an inch and has 
accuracy of + 
-00001”. 
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DIAL GAGES. The principle of direct reading from 
a pointer and graduated dial provides both the ac- 
curacy and the speed of reading essential in many 
of today’s inspection operations, and consequently, 
the dial indicator has been incorporated in all types 
of special and standard gaging equipment, as well 
as in many machine tools. Some gages are direct 
reading and others serve as comparators showing 
plus or minus variations in size. 


DIAL COMPARATORS. The dial comparator is used 
for inspecting duplicate parts and various materials, 


either in bench inspection or on the production line. 
The precision ground base accommodates all types 
of work as well as V-blocks and fixtures. A dial in- 
dicator with fine setting adjustment is mounted on 
an adjustable bracket on a vertical post. A hand 
lever operates the indicator to contact the work and 
size variations are read from the dial. 


Fig. 72 — The 
Dial Comparator 
is used for in- 
spection opera- 
tions, in tool- 
rooms and ma- 
chine shops on 
a wide variety 
of .applications. 


DIAL TEST INDICATORS. The dial test indicator 
is an all-purpose tool used in layout, inspection and 
on machine tools for truing up work, checking runout, 
concentricity, straightness, surface alignment, and 
for transferring measurements. A dial indicator is 
mounted at the end of a horizontal arm adjustable 
on an upright base post. The post is adjustable on 
a slotted base. Another test indicator is the universal 
dial test indicator. Various attachments, including 
a tool post holder, adapt it to a wide range of ap- 


plications, such as checking runout of a spindle 
turned on a lathe. 


LAST WORD INDICATORS. One of the most flexible 
test instruments is the LAST WORD dial test in- 
dicator. A typical application is with a Vernier height 
gage on a surface plate for comparing measurements 
from gage blocks with the work. This type of test 
indicator has a jeweled lever for smooth movement, 


Fig. 73—Planer op- 
erator uses Heavy 
Duty Dial Test In- 
dicator to check 
depth of cut on flat 
casting. 


Fig. 74 — For a 
quick check of run- 
out, lathe operator 
uses Universal Dial 
Test Indicator 
mounted in tool 
post. 


reversible action, swivel body and hard chrome 
plated contact. 


MAGNETIC BASE INDICATORS. A magnetic base 
indicator holder greatly increases the usefulness and 
application of the dial indicator on all shop set-up, 
checking, and inspection jobs. The time usually 


Fig. 75 — Last 
Word Dial Test 
Indicator attach- 
ed to Vernier 
height gage on 
surface plate for 
comparing meas- 
urements from 
gage blocks with 
the work. 


spent in clamping the indicator to a machine is 
eliminated since its powerful, permanent magnet 
base holds to any steel or iron surface—horizontally, 
vertically or upside down. A push button turns the 
magnetic force on or off. Available with various in- 
dicators and holding arrangements to suit the work. 
Especially useful is the Flex-O-Post indicator holder 
when used with the magnetic base. Complete flexi- 


Fig. 76—Flex-0- 
Post Holder with 
magnetic base 
and Last Word 
Indicator check- 
ing groove in 
milling oper- 
ation. 


bility of the post permits use of the indicator in 
awkward, hard-to-reach positions impossible to reach 
by conventional indicator holding devices. 


OTHER DIAL GAGES. Many other types of dial 
gages are also available for use on a great variety 
of work, such as portable dial indicator hand gages, 
pocket gages, sheet gages, depth gages, inside gages, 
crankshaft or distortion gages, cylinder gages and 
out-of-roundness gages. 


DIAL BORE GAGES. Another gage is the dial bore 
gage used for precision gaging of cylindrical bores. 
The dial bore gage quickly inspects hole diameters 
and will detect and measure any variation from a 
true bore, such as taper, out-of-roundness, bell- 
mouth, hour-glass or barrel shapes. Basically, the 
gage consists of a contact head, an indicator hous- 
ing and handle. An adjustable range screw plus two 
centralizing plungers give the gage 3-point contact 


Fig. 77 — In- 
specting bore 
size in tenths 
during grinding 
operation with 
Dial Bore Gage. 


to insure true alignment. The gaging contact actu- 
ates a nonshock dial indicator direct reading in half- 
thousandths or ten-thousandths of an inch. Models 
are available with ranges from 3 to 124% inch diame- 
ter and 6 to 7 inch bore depths. 


DIAL INDICATOR DIAMETER GAGES. When the 
work is varied and involves many large diameters up 


to 60 inches, a dial indicator diameter gage of this 
type is often used. The gage is extremely versatile 
and adaptable to a wide range of gaging jobs without 
need of many, costly special-purpose gages. Uses in- 
clude internal and external checking of shallow dia- 
meters, roundness, concentricity, grooves, recesses, 
shoulders, tapers. Eight gage sizes are available to 
measure diameters from 12 to 60 inches in incre- 
ments of 6 inches. Indicator reads to .0005” but .001 
and .0001 graduations are also available. This type 
of gage has a rigid box-section beam and adjustable 
gaging contacts at each end. The sensitive gaging 
contact transfers work dimension through a friction- 
free motion transfer mechanism to a direct reading 
dial indicator. The gage is loaded for either |.D. or 
O.D. measurements by moving a single lever. A set- 
ting master is available for use with this gage and 
also a heavy-duty diameter gage. 


SPECIAL GAGES. If the work cannot be gaged with 
standard equipment because of special shape or 


Fig. 78—Check- 


ing large diam- ~ 


eter with Dial 
Indicator Diam- 
eter Gage. 


Fig. 79—Groove 
size is read di- 
rectly from dial 
indicator on this 
Dial —_ Indicator 
Internal Groove 
Gage. Jaw with 
gaging contact 
is retracted by 
thumb retractor. 


size, it is often necessary to build special tools and 
gages to check the work. 


DIAL INDICATOR INTERNAL GROOVE GAGES. A 
fast, accurate way to measure the inside diameter of 
grooves of all types is by means of the dial indicator 
internal groove gage. The gage has adjustments to 
handle a range of diameters from .375 up to 6 inches 
and eliminates the need for expensive gages for 
every job. The gage consists of a pistol-grip frame 
with a sensitive jaw and adjustable reference jaw, 
both with hard chrome gaging contacts. The sensitive 
jaw is retracted with parallel retraction by a thumb 
lever, permitting inserting the gage in the work. 
Work dimension is transferred through a motion- 
transfer mechanism to a dial indicator reading in 
0005”. 


DIAL INDICATOR SNAP GAGES. This snap gage 
also uses a dial indicator for direct reading of varia- 
tion in diameter in tenths of a thousandth of an inch. 


The gage is made in four models to cover a work 
range up to 8 inches diameter. The gage has a light, 
rigid “C” frame with insulating handle and two ad- 
justable gaging contacts. The upper sensitive contact 
transfers work dimension through a motion transfer 
mechanism to a dial indicator. 


Fig. 80—Inspecting outside diameter with Dial 
Indicator Snap Gage. Gage can be used separ- 
ately or on bench stand as shown. 
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HM ELECTRONIC GAGES 


Electronic gages represent the “Last Word” in 
ultraprecision gaging. The model shown reads in ten 
millionths of an inch (.00001”) or ten-thousandths 
of an inch (.0001”) and features a dual-purpose dif- 
ferential amplifier. This permits use as an electronic 
height gage or comparator; also for differential in- 
spection of length, thickness, diameter, flatness, 
taper and concentricity. 


Electronic gaging heads held by a height transfer 
gage (see Fig. 82) or other devices are used in con- 
junction with the electronic gage. Mechanical move- 
ment of the gaging contact on the head when ap- 
plied to the work is amplified electronically up to 
7000 times and is read from the graduated scale 
on the electronic gage. 


WM HEIGHT TRANSFER GAGE 


The height transfer gage shown in Fig. 82 is an 
ideal instrument for use with the electronic gage to 
accurately transfer height settings from gage blocks, 
optical height gages or other standards. Also used 
with dial type test indicators. 


Fig. 81 — For 
ultra - precision 
gaging, the Elec- 
tronic Gage is 
used. Electronic 
gaging heads are 
shown in the 
foreground. 


Fig. 82—Check- 
ing height of ma- 
chined face ona 
housing using 
Starrett Height 
Transfer Gage 
and Electronic 
Gage. Gage is 
set to height 
within .00005” 
from Starrett- 
Webber Optical 
Height Gage. 


size, it is often necessary to build special tools and 
gages to check the work. 


DIAL INDICATOR INTERNAL GROOVE GAGES. A 
fast, accurate way to measure the inside diameter of 
grooves of all types is by means of the dial indicator 
internal groove gage. The gage has adjustments to 
handle a range of diameters from .375 up to 6 inches 
and eliminates the need for expensive gages for 
every job. The gage consists of a pistol-grip frame 
with a sensitive jaw and adjustable reference jaw, 
both with hard chrome gaging contacts. The sensitive 
jaw is retracted with parallel retraction by a thumb 
lever, permitting inserting the gage in the work. 
Work dimension is transferred through a motion- 
transfer mechanism to a dial indicator reading in 
0005”. 


DIAL INDICATOR SNAP GAGES. This snap gage 
also uses a dial indicator for direct reading of varia- 
tion in diameter in tenths of a thousandth of an inch. 


The gage is made in four models to cover a work 
range up to 8 inches diameter. The gage has a light, 
rigid “C” frame with insulating handle and two ad- 
justable gaging contacts. The upper sensitive contact 
transfers work dimension through a motion transfer 
mechanism to a dial indicator. 


Fig. 80—Iinspecting outside diameter with Dial 
Indicator Snap Gage. Gage can be used separ- 
ately or on bench stand as shown. 


HM ELECTRONIC GAGES 


Electronic gages represent the “Last Word” in 
ultraprecision gaging. The model shown reads in ten 
millionths of an inch (.00001”) or ten-thousandths 
of an inch (.0001”) and features a dual-purpose dif- 
ferential amplifier. This permits use as an electronic 
height gage or comparator; also for differential in- 
spection of length, thickness, diameter, flatness, 
taper and concentricity. 


Electronic gaging heads held by a height transfer 
gage (see Fig. 82) or other devices are used in con- 
junction with the electronic gage. Mechanical move- 
ment of the gaging contact on the head when ap- 
plied to the work is amplified electronically up to 
7000 times and is read from the graduated scale 
on the electronic gage. 


WM HEIGHT TRANSFER GAGE 


The height transfer gage shown in Fig. 82 is an 
ideal instrument for use with the electronic gage to 
accurately transfer height settings from gage blocks, 
optical height gages or other standards. Also used 
with dial type test indicators. 


Fig. 81 — For 
ultra - precision 
gaging, the Elec- 
tronic Gage is 
used. Electronic 
gaging heads are 
shown in the 
foreground. 


Fig. 82—Check- 
ing height of ma- 
chined face ona 
housing using 
Starrett Height 
Transfer Gage 
and Electronic 
Gage. Gage is 
set to height 
within .00005” 
from Starrett- 
Webber Optical 
Height Gage. 


M@ GAGE BLOCKS 


The International Standard for measurement is the 
light wave, and the International Inch as well as the 
International Meter are now established in terms of 
the wavelength of monochromatic light (light having 
a single wavelength) emitted from Krypton 86 gas. 
The length of a single wave from this gas is 
0.0000238 inches and gives us an absolute standard 
which never changes. 


Light waves, of course, cannot be handled like a 
micrometer or Vernier caliper, but they are used to 
establish the length of physical standards having ac- 
curacy in millionths of an inch. These standards are 
called gage blocks. 


Gage blocks are the industrial standards of length 
used for calibrating precision measuring instru- 
ments, verifying the accuracy of inspection gages 
and other types of masters, checking accuracy of 
tools, setting gages and tools, laying out tools and 
fixtures and inspecting parts in process or finished 
parts. 


Fig. 83 — A 3- 
inch Gage Block. 
This Starrett- 


Webber Cro- 
blox® is made 
of solid chrome 
carbide, almost 
diamond hard 
and practically 
corrosion proof. 


Essentially, they consist of blocks of a hard and 
stable material with measuring or gaging surfaces on 
each end. The measuring surfaces are ground and 
lapped to an overall dimension with a tolerance as 
close as plus or minus one millionth of an inch. In 
order to obtain the desired length, blocks of different 
lengths are selected from a set of blocks and “wrung 
together” to form a stack of blocks. 


Gage blocks are made in several grades or degrees 


Fig. 84—This set of 88 Gage Blocks consists 
of rectangular Croblox® in sizes from .1001” 
through 4.000”. 


of accuracy—“grand master,” “master,” and “work- 
ing” grades. “Grand master” blocks control the ac- 
curacy of an entire manufacturing operation and 
their principal use is to certify the accuracy of 
“master” blocks. Such blocks are ultra accurate. For 
example, Starrett-Webber Laboratory Master Gage 
Blocks have a length tolerance of plus or minus one 


millionth of an inch. “Master” blocks are used to 
check the accuracy of the “working” blocks which 
are used in the shop. 


Starrett-Webber “master” blocks are designated as 
“AA” and have a length tolerance of plus or minus 
two millionths of an inch. Their “working” grades are 
“A+” with a tolerance of plus four, minus two 
millionths of an inch, and “A” with a tolerance of 
plus six, minus two millionths of an inch. 


Various materials are available. Webber CRO- 
BLOX®, the world’s finest, are made of chrome car- 
bide—long wearing, almost diamond hard and cor- 
rosion proof—and maintain accuracy many times 
longer than steel blocks. CROBLOX® are available in 
“Laboratory Master,” “AA,” and “A-L” grades. Webber 
steel blocks are available in “AA,” “A+,” and “A” 
grades. Various types are also available—rectan- 
gular, square and heavy duty. The use of gage blocks 
is greatly extended by means of attachments which 
can be assembled with the blocks to build height 
gages, Snap gages, scribers and dividers. 


Fig. 85 — Using 
these attach- 
ments, Gage 
Blocks can be as- 
sembled to build 
height gages, 
snap gages, 
scribers and di- 
viders. 


M@ ANGLE GAGE BLOCKS 


Angle gage blocks furnish fast, very simple and 
extremely accurate measurements of any angle. 
They're far superior to sine bar measuring methods, 
which involve trigonometric formulae and compli- 
cated stacks of rectangular gage blocks. 


A set of Starrett-Webber angle gage blocks con- 
sisting of only 16 blocks will measure 356,400 angles 
in steps of one second, to an accuracy of 1/5,000, 
000th of a circle! The reason is because these micro- 
accurate blocks are so designed that they can be 
used in either plus or minus positions. 


For instance, to obtain a measurement of 35° you 
simply take the 30° angle and add the 5° angle, mak- 
ing sure that both plus ends are together. To get a 
measurement of 25°, you use the same two blocks 


Fig. 86 — A set of 
Webber Angle Gage 
Blocks. They permit 
fast, extremely ac- 
curate measurement 
of any angle and 
are far superior to 
sine bar measuring 
methods. 


Fig. 87—-Sketches illustrate how angles of 35° 
and 25° can be obtained using only two Angle 
Gage Blocks. 


but wring them together so that the minus end of 
the 5° block is over the plus end of the 30° block. 
This will subtract 5° from 30°, thus giving your 25° 
measurement. Any size angle can be quickly and 
easily obtained in this manner, using only a few 
blocks in the proper combination of plus and minus 
positions. See Fig. 87. 


Webber angle gage blocks are available in two 
accuracies: ¥% second “Laboratory Master” accuracy, 
and 1-second “Tool Room” accuracy. 


HM OPTICAL MEASURING TOOLS 


Optics are also extensively used in high precision 
measuring. The Webber optical height gage shown 
right, for example, combines two proven principals 
of measurement—gage blocks and a measuring mi- 
croscope. Basically, it consists of a “stack” of gage 
blocks permanently wrung together to an accuracy 
of +.000005” per inch of height. Measurements are 
read in the optical eyepiece of the microscope. Other 
optical tools include optical flats, optical flat parallel 
sets, optical polygons for checking and calibrating 
angles, and optical flat targets. Optical flats, shown 
right, are used for checking flatness of lapped sur- 
faces in millionths of an inch. 


Fig. 89 — Fused 
Quartz Optical 
Flats provide a 
quick, extremely 
accurate means 
of checking flat- 
ness of lapped 
surfaces. 


Fig. 90 — Optical 
Polygons are used 
for checking and 
calibrating angles 
to extreme accu- 
racy. 


Fig. 88—Webber Optical Height Gage for high precision meas- 
uring. Gage uses gage blocks in combination with a measuring 
microscope. 
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In machine construction many of the parts bear 
such a close and important relation to one another 
‘that a certain amount of hand fitting is essential to 
make the surface contacts as they should be. If the 
surfaces in contact are to move on each other, the 
fit is classed as a sliding or running fit. If the sur- 
faces are to make contact with sufficient firmness to 


hold them together under ordinary use, the fit is 
classed either as a driving, shrink, or forced fit. 


SLIDING FITS. Under this head may be classed the 
fitting of cross and traversing slides of lathes, mill- 
ing machines, drilling machines, boring machines, 
grinding machines and planers. These fits are usually 
obtained by scraping. In most of these fits the mov- 
ing and stationary parts are held in contact with 
each other by means of adjustable contact strips 
or gibs. In some cases, such as the tables of grind- 
ing and of planing machines, their weight keeps 
them in sufficiently close contact. 


RUNNING FITS. The journal bearings of spindles, 
crank shafts, line shafting, etc., are classed under 
this heading. 


FORCED FITS AND SHRINK FITS. Under this head 
are classed those fits where the separate parts must 
act in use as if they were a single piece: as, for ex- 
ample, the crank pins and axles in locomotive 
driving wheels or the cutter heads and spindles of 
numerous woodworking machines. A forced fit is ob- 
tained by pressing one piece into another. A shrink 
fit is obtained by heating the outside piece, bringing 
it into proper relationship with the inside piece and 
allowing it to shrink into position as it cools. 


LIMITS. In the case of running and of sliding bear- 
ings, a certain amount of hand fitting is necessary to 
obtain desired results, and in all cases certain 
limiting requirements prevail. In sliding and running 
bearings the limits are usually those of alignment 
and of contact, while in either journal bearings or in 
flat sliding bearings it is essential that certain ac- 


curate contact between the surfaces shall be made, 
and there will also be a limit of alignment with other 
parts of the machine. For example, in the engine 
lathe the ways or vees and the cross slide of the tool 
carriage must be parallel to or at right angles to the 
axis of the spindle within set limits. In engine lathe 
construction the limit set for this is 0.001” in a foot 
length. In testing the parts, use is made of the 
Universal Test Indicator with the hand reading on a 
dial. The indicator may be held by a magnetic base 
indicator holder or clamped to a test bar, a straight 
edge, or direct to the lathe spindle; also, if desired, 
it can be and often is held upon a special slider 
stand fitted to the vees of the machine. 


In the making of shrinkage and forced fits the 
limits are usually those of size. The amount of pres- 
sure necessary to place the two parts together is the 
limiting factor in the case of forced fits. In forcing 
the axles into locomotive driving wheels, the speci- 
fications may limit the pressure to between one 
hundred to one hundred and fifty tons. However 


specified, it in fact reduces to limits of size and the 
use of measuring tools. 


AMOUNT TO LEAVE. Where pins, spindles, etc., are 
to be forced into holes, or where collars, hubs, 
flanges, and other machine parts are to be shrunk 
on to spindles, it is customary to make the diameter 
allowance upon the spindle rather than upon the 
hole. The amount which it is necessary to add to the 
spindle or shaft diameter must of necessity vary 
with the length and diameter of the hole, the metals 
used, and the form of the surrounding. hub. The 
tables on the following page show the tolerances 
used by one manufacturer. 


LIMITS OF TOLERANCE 


While it is possible to produce machine parts with 
measurements refined to any degree of accuracy, 
extreme precision in some cases may prove too 
costly for commercial work. 
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To avoid waste of time, labor, and money, the 
following may be considered a representative set of 
rules to be used when experience and familiarity 
with the work do not indicate the exact limits to use. 
They define the degree of accuracy to be expected 
in those cases where specifications and drawings do 
not call for greater precision than the rules provide 
for. 


(1) Full information regarding the limits of toler- 
ance should be clearly shown by drawing submitted, 
or be definitely covered by written specifications 
to which reference must be made by notations on 
the drawings. 


(2) Where the customer fails to supply proper data 
as to limits, the supplier will use his best judgment 
in deciding just what limits it may be advisable to 
work to. The supplier will not, in any event, assume 
responsibility for possible excessive cost brought 
about through working to closer limits than may be 
necessary, nor permitting greater latitude than may 


subsequently be found to be proper. 


(3) Where dimensions are stated in common frac- 
tions (4, %, %, etc.) with no limits of tolerance 
specified, it will be assumed that a considerable 
margin for variations from figured dimensions is 
available. Unless otherwise ordered, the supplier 
will proceed according to the dictates of his best 
judgment as to what limits should be taken. 


(4) For all important dimensions Decimal figures 
should be used. and limits clearly stated on detail 
drawings. If Decimal figures are not used for such 
dimensions, a notation referring to the degree of 
accuracy required must be placed prominently on 
the drawing. 


(5) It is frequently necessary to reduce fractions 
representing fourths, eighths, sixteenths, thirty- 
seconds, and sixty-fourths to decimal equivalents. 
When a dimension of this character is expressed in 
a decimal equivalent and carried out to three, four, 
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The rake of the teeth should be such that the 
blade will cut on the forward stroke. The cutting 
stroke, using the same motion as in filing, should be 
sufficiently firm to assure a cut rather than a slide. 
The pressure should always be lifted on the return 
stroke. Forty to fifty strokes a minute should be 
the maximum. 


Using power hacksaw machines, strokes vary from 
60 to 150 per minute, blade pressure from light to 
heavy, depending on material cut. See Page 66. 


Hacksaw hand and power blades are made in a 
wide range of lengths, widths, thicknesses and teeth 
per inch to suit cutting requirements and are avail- 
able in standard or high speed steel. For more useful 
data on hacksaws see the following pages. 


Fig. 93—Power hacksaw machines are used 
for production work. 


Fig. 94—For cutting 
clean, round holes, 
Hole Saws are com- 
monly used either in 
portable power tools 
or machine tools. 


GENERAL RULES GOVERNING HACKSAW BLADE SELECTION 


A. Mild Materials 
In Large Sections 
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Choose coarse tooth 
blade to provide 
plenty of chip clear- 
ance, faster cutting. 


Hand Blades— 
14 Teeth Per Inch 


Power Blades— 
4 to 6 Teeth Per Inch 


B. Harder Materials 
In Large Sections 
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Choose blade with 
finer teeth than in A 
to distribute cutting 
load over more teeth 
while still maintain- 
ing good chip clear- 
ing action. 


Hand Blades— 
18 Teeth Per Inch 


Power Blades— 
6 to 10 Teeth Per Inch 


C. Unusual 
Work Shapes 


om EE 
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Choose blade to al- 
ways keep two or 
more teeth in contact 
with narrowest sec- 
tion. Coarse tooth 
blades stradle work, 
strip out teeth. 


Hand Blades— 
24 Teeth Per Inch 


Power Blades— 
10 to 14 Teeth Per Inch 


D. Pipes, Tubing, 
Conduit 


lls, 
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Choose blade with 
finest teeth per inch 
to keep two or more 
teeth in contact with 
wall. Keep inside of 
work free of chip 
accumulation. 


Hand Blades— 
32 Teeth Per Inch 


Power Blades— 
14 Teeth Per Inch 


Material Cutting Chart 
Hand Hacksaw Blades 


Material 


Aluminum 
Angles 
Angles 
Babbitt 
Brass 
Brass Pipe 
Brass Tubing 
Bronze 

BX Cable 
BX Cable 
Cast Iron 
Channel 
Channel 
Cable 
Copper 
Drill Rod 
Drill Rod 
Drill Rod 
General Purpose Cutting 
Iron Pipe 

Metal Conduit 

Sheet Metal 

Sheet Metal 

Steels 

Steels 

Tubing 

Tubing 


Solids 
Heavy 
Light 


Solids up to 1” 


Solids up to 1” 
Heavy 

Light 

Up to 1” 

Heavy 

Light 

Heavy 

Solids up to 1” 
Over %4” 

No. 30 to %4” 


No. 30 and smaller 


Over 18 gage 
Under 18 gage 
Y4" to 1” 

¥4" and under 
Over 18 gage 
Under 18 gage 


Material Cutting Chart 


Power Hacksaw Blades 


Material 


Teeth 


per Inch | per Minute 


Strokes 


Feed 
Pressure 


Aluminum Alloy 

Aluminum, Pure 

Brass Castings, 
Soft 

Brass Castings, 
Hard 

Bronze Castings 

Cast Iron 

Copper, Drawn 


*Carbon Tool Steel 

*Cold Rolled Steel 

*Drill Rod 

*High Speed Steel 

*Machinery Steel 
Manganese Bronze 


*Malleable Iron 


*Nickel Silver 
*Nickel Steel 


Pipe, Iron 

Slate 
*Structural Steel 
Tubing, Brass 
*Tubing, Steel 


4-6 
4-6 


6-10 


6-10 
6-10 
6-10 
6-10 
6-10 
4-6 
10 
6-10 
4-6 
6-10 
6-10 
6-10 
6-10 
10-14 
6-10 
6-10 
14 
14 


* Use cutting compounds or coolant. 


Light 
Light 


Light 


Light 
Medium 
Medium 
Medium 
Medium 
Heavy 
Medium 
Medium ° 
Heavy 
Light 
Medium 
Heavy 
Heavy 
Medium 
Medium 
Medium 
Light 
Light 


POWER 
HACKSAW 


TROUBLE 


CHART 


Trouble 


Cause 


Suggested Remedy 


Blade 
Breakage: 


Blade 
Not Cutting 
Straight 


Blade contacting work before cut- 
ting. 


Start machine with blade above work and 
allow automatic feed to make contact. 


Cutting in the same slot with a 
new blade previously cut by a 
worn blade. 


Always start a new cut with a new blade, or 
turn the material over and saw to meet 
the old cut. 


Insufficient tension. 


‘See tensioning chart Starrett catalog. 


Excessive feed when cutting thin 


sections. 


Materially reduce the pressure. 


Using a worn-out blade. 


| Replace with new blade. 


Material loose in vise. 


Insufficient tension. 


Material must be immovable, especially in 
gang cutting. 


See tensioning chart Starrett catalog. 


Blade worn out. 


Replace with new blade; an over-dull blade 
is both a time and money waster. 


Excessively hard spot in material 
forcing blade out of straight 
path. 


Turn material over and start new cut. If set 
has become unevenly worn, replace with 
a new blade. 


Excessive pressure. 


Reduce the pressure and watch the im- 
provement in alignment. 


Saw frame worn in slide or out of 
perpendicular alignment. 


Inspect adjustment of machine and adjust 
if necessary. 


a 


67 


POWER 
HACKSAW 


TROUBLE 


CHART 


(Continued) 


Trouble Cause Suggested Remedy 
Excessive speed. See suggested material cutting chart in 
Starrett catalog. 
Blades fail to lift on return stroke. | Inspect the machine for probable necessary 
adjustments. 
Excessive pressure. See suggested material cutting chart in 
Premature Starrett catalog. 
Wearing Out 3 - : Par 
Of Teeth Teeth facing incorrectly. Teeth should face toward the machine if a 
draw-cut type, away if a push-cut machine. 
Incorrect type blade. See suggested material cutting chart in 
Starrett catalog for recommended teeth 
per inch. 
Lack of improper cutting com- | Use reliable cutting coolant with the proper 
pound. mixture for the material being cut. 
Excessive tension. = See tensioning chart i in Starrett catalog. 
Blade Blade not properly mounted. Make sure blade is flat against the holder 
Breaking At and pins are drawn up to end of eye be- 
The Pinhole fore final clamping and tensioning of saw. 
Worn pins or improper size. Replace with new and correct pins. 
Too many teeth for cutting large | See suggested material cutting chart in 
material. Starrett catalog for proper teeth selec- 
tion for material being cut. 
Teeth Too few teeth for cutting thin | See suggested material cutting chart in 
Ripping Out sections. Starrett catalog for proper teeth selec- 


tion for material being cut. 


Sawing against corner or a sharp 
edge. 


Always have at least two teeth on the mate- 
rial being cut. 


sn 


BAND SAWS 


Whereas hacksaw blades are reciprocated back 
and forth in the cut, the blade used in band saw ma- 
chines is welded to form a one-piece band which 
travels in one direction with a continuous cutting 
action. This permits efficient, high production cut- 
ting including cut-off, straight sawing and contour or 
profile operations. 


Bands are made in a wide range of lengths, widths, 
thicknesses, teeth per inch and in various types for 
cutting metal, wood, plastics and other materials. 
Various types of tooth shape and tooth set are avail- 
able to suit different job conditions—regular tooth, 
hook tooth, skip tooth, and raker set, wavy set and 
alternate set. 


Band saw blades are also made with different types 
of steel and heat treatment. For metal cutting, these 
include regular, friction cutting, spring temper, high 
speed steel, special alloy and a band with a full- 
hard edge and special tempered back. 


These bands are used on four basic types of band 
saw machines—standard vertical cut-off, standard 
vertical contour, standard horizontal cut-off and 
heavy duty band saw machines designed to use high 
speed steel bands. For more useful data on band 
saws see following pages. 


Fig. 95—Band Saws are available in either cut-to-length and 
welded or in coil stock for cutting metals, wood, plastics, 
alloys and special materials. 
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Fig. 96—A vertical contour band saw machine. Fig. 97—A horizontal cut-off band saw machine. 
Extensively used for contour cutting and die Used for production cut-off operations. 
work. 


BAND 
SAW 


TROUBLE 


CHART 


Most Band Saw Blade Troubles Are Caused By Improper Adjustment Or Incorrect Machine Operation 


Failure 


Reason 


Remedy 


Teeth 
Stripping 
Or Cracking 


Forcing of cut. Incorrect num- 
ber of teeth, speed too slow 
or too fast. Starting cut on 
thin section or corner of 
material. 


Use proper teeth and speed for material 
being cut. See chart Starrett catalog. 


Band Breakage 
Or Breakage 
At The Weld 


Guides not properly set. 


Continued tension on blade 
when not in use. 


Tension either too light or too 
heavy. 


Blade running off (not cutting 
straight). 


Place guides as close as possible. 


Release tension if machine is to remain 
idle for any long period. 


Use just enough tension to keep blade on 
wheels. 


Adjust guides to correct unequal wear. 


Burr On Back Or 
Grooves In Side 
Of Blade 


Only one of the two back edge 
rollers are in contact with 
blade. 


Adjust rollers so that both share the pres- 
sure equally. 


Blade 
Running 


Forcing the cutting. 


Guides improperly spaced. 


Use lighter pressure. 


Suggest bringing guides as close as pos- 
sible. 


Unequal wear. Adjust guides to assume even wear. 
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To Determine 
the Length of a 
Band Saw 

Blade 


1. Adjust wheels to correct position. Not at the centers of the holes between the two wheels 
outer extreme, as some take-up will be needed to (“C” in inches). 
tension the band. Also, not at the shortest point, 3. Find the radius of each wheel RL” “RO” in 
as some allowance must be made for rewelding inches). 
where necessary. 
4. Use the formula. 
2. Having adjusted the wheels at about halfway in (R1 x 3.1416) + (R2 x 3.1416) 
the take-up range, measure the distance from the +2xC= Band Length. 
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Starreff 


Educational Program Promotes Better 


Understanding and Use of Fine Precision Tools 


THROUGHOUT 85 years of precision tool- 
making, The L. S. Starrett Company has 
encouraged higher standards of work- 
manship by helping apprentices under- 
stand tools and learn to use them effec- 
tively. 

Starrett helps the beginner learn his 
trade through inexpensive Apprentice 
Sets that give him dependable tools 
from the start, The Starrett Book for 
Student Machinists that offers a concise, 
factual shop study course, and The Tools 
and Rules For Precision Measuring, a 16 


mm sound movie that shows actual use 
of tools . . . all these plus a multitude of 
handy booklets, charts and reference 
cards. 

All of these Starrett training aids are 
designed to give the apprentice a well 
rounded study program in the classroom, 
on the job, and at home. Industrial 
Arts and Vocational Instructors, also 
Training Supervisors in Industry are 
cordially invited to make use of these 
valuable teaching aids in their training 
programs. 


This booklet is dedicated primarily to the students in vocational schools and to the apprentices in 
industrial training classes. We hope that it will lighten the burden of those men whose patience, devo- 
tion and kindly understanding have taught many a young student and apprentice to work accurately and 
well—the school shop instructors. 

This booklet does not pretend to describe all of the precision measuring tools available. For that 
purpose, we can best refer you to the Starrett Catalog which for so many years has been the buying guide 
and reference book of tool users. Your industrial dis- 
tributor will gladly provide one without charge and, if 
you have not already done so, we suggest that you take 
this opportunity to make his acquaintance. You will 
find him an invaluable source of information, not only 
about tools, but about the thousand and one other 
items which he supplies. 


THE L. S. STARRETT COMPANY 


World’s Greatest Toolmakers 
ATHOL, MASSACHUSETTS 
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